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CHANGES DURING CHEESE-RIPENING,
A n  in v e s t ig a t io n  c o n d u c t e d  b y  t w o  s e c t io n s  o f
THE STATION. T H E  CHEESES W ERE  MADE, R IPEN ED , 
SAMPLED AND W E IG H ED  AT MONTHLY INTERVALS, BY
t h e  A g r ic u l t u r a l  S e c t io n ; t h e  s a m p l e s  w e r e
ANALYZED A N D . ALL COMPUTATIONS MADE BY T H E
C h e m ic a l  S e c t io n .
During the spring of 1893 there was conducted at the col­
lege creamery a series of experiments in cheese making, a 
report of which was published by Professor Wallace in B u l ­
l e t in  21. The cheeses were kept in the ripening room for 
five months, and at the request of Director Wilson, each 
cheese was weighed, sampled and analyzed at regular inter­
vals of one month, beginning when the cheese came from' 
the press, for the purpose of ascertaining the changes that 
occur during ripening.
The entire management of the curing room, including 
treatment and weighing of cheeses and taking of samples, 
was under the direction of Professor Wallace, who will make 
a separate report upon his part of the work. He informs me, 
however, for publication here, that the temperature of the 
curing room ranged usually between 70 and 80 degrees F. 
Each monthly sample, consisting of three to six small plugs- 
taken from different parts of the cheese, was placed in a glass- 
stopped bottle and sent to the laboratory, where the analysis 
was made without delay. Fifteen cheeses were thus exam­
ined at monthly intervals for five months.
Results of the analysis are recorded in Table I. The  
methods of analyses were substantially those adopted by the 
Association of Official Agricultural Chemists. The factor 
6.375 was nsed for calculating “ casein, albumen, etc.,”  from 
the total nitrogen found.
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T a b l e  I.
Showing percentage composition of the cheeses at monthly intervals.
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1 Green 41.65 58.35 21.77 29.41 2.16 4.61 57.95 — .40
1 mo. 40.92 59.08 21.22 2.46 4.14
2 mos. 40.62 59.38 21.82 30.40 2.38 4.73 59.33 — .05
3 mos. 39.54 60.46 22.01 30.75 1.98 4.78 59.52 — .94
4 mos. 36.50 63.50 23.80 32.52 2.72 4.85 63.89 -f .39
5 mos. 34.21 65.79 25.01 33.36 2.17 4.80 65.34 — .45
2Green 39.85 60.15 26.35 26.85f 2.01 4.25 59.46 — .69
1 mo. 39.05 60.95 27.17 26.90 2.68 4.61 61.36 +  -41
2 mos. 38.43 61.57 27.07 25.58 2.24 4.58 59.47 —1.10
3 mos. 36.85 63.15 28.85 26.11 2.04 4.90 61.90 — 1.25
4 mos. 34.63 65.37 29.16 28.00 2.30 4.73 64.19 —1.18
5 mos. 33.10 66.90 30.26 29.98 1.98 4.61 66.83 — .07
3 Green 37.67 62.33 30.55 25.25 .83 4.60 61.23 —1.10
1 mo. 37.47 62.53 30.50 24.74 2.01 4.01 61.26 -1.27
2 mos. 36.48 63.52 30.88 25.92 1.72 4.73 63.25 — .27
3 mos. 35.3S 64.62 31.24 26.21 2.08 4.75 64.28 — .34
4 mos. 33.44 66.56 32.16 26.41 2.29 4.85 65.71 — .85
5 mos. 31.57 68.48 | 34.26 26.87 1.44 5.04 67.61 — .87
5 Green 33.90 66.10 36.40 22.77 1.41 4.17 64.75 —1.85
1 mo. 33.40 66.60 36.94 23.01 2.01 4.39 66.35 — .25
2 mos. 32.57 67.43 35.85 24.30 2.14 4.75 67.03 — .40
3 mos. 32.95 67.05 35.36 25.43 2.04 4.76 67.59 +  .54
4 mos. 32.54 67.46 35.50 24.86 2.14 4.93 67.43 — .03
5 mos. 31.61 68.39 35.07 26.00 2.49 4.90 68.46 +  .07
6 Green 36.44 63.56 35.13 22.41+ 1.55 3.54 62.63 — .93
1 mo. 36.23 63.77 34.75 22.09 2.20 3.96 63.00 — .77
2 mos. 35.69 64.31 35.49 22.52 2.08 4.16 64.25 — .06
3 mos. 84.50 65.50 36.01 23.03 2.04 4.23 65.31 — .19
4 mos. 32.93 67.07 37.04 23.10 2.06 4.23 66.43 — .64
5 mos. 31.17 68.83 38.57 24.26 1.69 4.16 68.68 — .15
7 Green 36.86 63.14 36.75 21.18f .92 4.10 62.95 — .19
1 mo. 36.62 63.38 36.13 21.00 2.27 4.04 63.44 +  .06
2 mos. 36.40 63.60 35.63 21.73 2.08 . 4.17 63.05 — .55
3 mos. 35.67 64 33 35.82 21.84 2.01 4.15 63.82 — .51
4 mos. 33.93 66.07 37.02 22.36 2.01 4.40 65.79 — .28
5 mos. 31.90 68.10 38.54 24.89 1.18 4.29 68.90 +  .80
8 Green 35.48 64.52 38.58 19.87 1.61 3.74 64.87 +  .35
1 mo. 35.25 64.75 38.52 20.00 2.20 3.83 64.55 — .20
2 mos. 34.96 65.04 38.72 20.24 2.17 3.81 64.94 — .10
3 mos. 34.52 65.48 38.59 20.90 2.34 3.95 65.78 +  .30
4 mos. 33.87 66.13 39.03 21.52 2.01 4.13 66.70 +  .57
5 mos. 32.57 67.43 38.64 22.99 1.88 4.10 67.61 +  .18
* This error probably occurs in  determ ining solids by the official m ethod; ten hours 
in  sMeam •ven is often not a sufficient time to expel a ll water.
t i n  Bu llet in21,through an error in calcu lation , an erroneous figure was reported 
in  place of this correct one.
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TABLE 1— C o n t i n u e d .
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9|Green 35.84 64.16 40.10 18.36f 1.33 3.53 63.33 — .84
1 mo. 33.18 66.82 41.85 18.82 •1.96 3.60 66.23 — .59
2 mos. 30.85 69.14 43.92 19.50 1.85 3.68 68.95 — .19
3 mos. 29.00 71.00 45.50 20.05 1.98 3.84 71.37 +  .37
4 mos. 27.36 72.64 45.88 21.14 1.83 3.87 72.71 -j- .07
5 mos. 25.97 74.03 47.43 20.57 1.89 3.84 73.73 — .30
10 Green 30.25 69.75 46.80 16.63 .92 3.93 68.28 —1.47
1 mo. 29.00 71.00 47.90 16.98 1.25 4.07 70.20 — .80
3 mos. 27.48 72.52 48.95 17.51 1.69 4.18 72.32 — .20
3 mos. 25.80 74.20 49.87 18.20 1.37 4.25 73.68 — .51
4 mos. 25.19 74.81 50.06 18.57 2.05 4.35 75.03 +  .22
5 mos. 24.93 75.07 50.33 18.79 1.91 4.48 75.51 -j- .44
11 Green 34.98 65.02 41.57 17.89 1.23 3.68 64.37 — .65
1 mo. 34.13 65.87 41.61 18.08 1.86 3.67 65.21 — .66
3 mos. 33.18 66.82 42.10 18.74 2.11 4.00 66.95 +  .13
3 mos. 32.50 67.50 42.61 18.84 1.95 4.05 67.45 — .05
4 mos. 31.72 68.28 42.51 19.59 1.60 4.33 68.03 — .25
5 mos. 31.24 68.76 42.51 19.83 1.50 4.26 68.10 — .66
12 Green 35.94 64.06 40.98 16.01 1.01 4.25 62.35 — 1.71
1 mo. 31.99 68.0i 44.70 17.13 1.39 4.26 67.48 — .53
3 mos. 30.53 69.47 45.06 18.75 1.73 4.40 69.94 +  .47
3 mos. 29.80 70.20 45.72 18.50 1.80 4.47 70.48 +  .24
4 mos. 28.23 71.77 46.15 19 89 1.93 4.35 72.32 +  -55
5 mos. 27.44 72.56 lost. 18.76 1.69 4.28
13 Green 34.26 65.74 41.60 17.84 1.60 3.32 64.36 — 1.38
1 mo. 34.63 65.37 40.50 18.72 1.95 3.27 64.44 — .93
3 mos. 34.28 65.72 40.65 19.18 2.01 3.71 65.55 — .17
3 mos. 33.20 66.80 42.35 18.87 2.08 3.62 66.92 +  .12
4 mos. 33.72 66.28 40.32 20.43 1.91 3.75 66.41 +  .13
5 mos. 33.49 66.51 39.13 21.14 2.10 3.94 66.31 — .20
14 Green 35.95 64.05 41.75 17.02 1.02 3.14 62.93 —1.12
1 mo. 35.40 64.60 41.63 17.33 1.91 3.61 64.48 — .12
2 mos. 35.22 64.78 41.75 17.03 1.79 3.53 64.10 — .68
3 mos. 34.00 66.00 42.70 17.64 1.80 3.66 65.80 — .20
4 mos. 32.61 67.39 43.24 17.78 2.01 3.78 66.81 — .58
5 mos. 32.86 67.14 43.32 18.22 1.59 3.67 66.80 — .34
15 Green 37.70 62.30 43.90 14.11 1.24 2.55 61.80 — .50
1 mo. 33.08 66.92 47.30 14.29 2.21 2.45 66.25 — .67
2 mos. 30.23 69.77 50.05 15.01 2.49 2.35 69.90 +  .13
3 mos. 29.31 70.69 50.45 15.34 2.20 2.35 70.34 — .35
4 mos
5 mos. 27.86 72.14 50.44 16.87 2.08 2.58 71.97 — .17
16 Green 39.15 60.85 32.26 22.24 1.44 3.82 59.86 — .99
1 mo. 38.31 61.69 32.06 23.26 2.01 3.86 61.19 — .50
2 mos. 37.28 62.72 32.33 24.86 1.98 4.00 62.17 — .55
3tmos. 35.78 64.22 33.96 24.17 4.06 64.25 4- .03
4 mos. 33.18 68.82 36.07 25.48 1.98 4.10 67.63 — 1.19
5 mos. 31.60 68.40 37.01 23.99 2.04 4.32 67.37 —1.03
*This error probably occurs in  determining: solids by the official m ethod; ten hours 
i n  steam  oven is often not a  sufficient time to expel a ll water.
t i n  Bullet in  21, through an  error in  calcu la tion , an  erroneous figure was reported 
in  place of th is correct one.
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As a consequence of the loss of water by evaporation daring 
ripening, the foregoing table shows a general increase in the 
percentages of fat, casein (total nitrogenous matter) and ash, 
with advancing age of the cheese. The per cent of free acid 
increases in every case during the first month of ripening, 
and thereafter in most cases diminishing until the end of the 
experiment. The figures for acid are often irregular and 
contradictory; this is partly, perhaps wholly, due to the diffi­
culty of making exact determinations of acidity in cheese.
L O SS IN  W E IG H T  O F  T H E  C H E E S E S .
The weights of the cheeses as reported by Prof. Wallace, 
plus the weights of the samples previously drawn, are shown 
in Table II, together with the percentage loss of weight—  
“ pounds lost per 100 pounds of cheese” — on each cheese for 
four and five months, and the average percentage loss on all 
the cheeses for one, two, three, four and five months.
T a b l e  II.
Showing weight of Cheeses in pounds (without correcting for the scrapings 
or leakage of fat), and the percentage loss in  weight during four and 
five months.
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NO. OF CH EESE .
W E IG H T S , IN  POUN DS.
POU N DS LOST 
P ER  100 LBS. 
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1 .................................. 35.0 33.3 32.1 31.6 30.3 28.9 13.41 17.4
o 38.5 36.2 35.1 34.6 33.8 31.9 12.2 17.1
3..................... 41.0 38.7 37.4 37.1 36.3 34.7 11.5 15.4
5.................... 43.5 41.2 39.4 38.6 37.8 36.7 13.1 15.6
6 ............................ 45.0 42.7 41.6 40.8 40.0 38.7 11.1 14.0
7 .................................. 48.5 45.4 43.4 42.6 41.8 40.4 13.8 16.7
8..................... 51.5 46.7 45.4 44.3 43.0 42.4 16.5 17.7
9..................... 41.7 38.4 36.9 36.1 35.3 33.9 15.6 18.7
10..................... 52.5 48.4 47.9 47.1 46.0 45.2 12.4 13.9
11..................... 50.0 46.7 45.1 43.8 42.8 41.4 14.4 17.2
12..................... 58.0 52.2 49.6 48.3 46.5 44.9 19.8 22.6
13 ................... 51.0 45.7 44.4 43.6 42.3 39.9 17.1 21.8
14..................... 59.0 55.7 54.1 52.6 50.8 49.4 13.9 16.3
15..................... 63.0 57.2 53.9 51.6 49.8 47.9 20.9 24.0
16..................... 39.0 36.2 34.9 33.8 33.3 31.9 14.6 18.2
A v e r a g e ............ 47.8 44.3 42.7 41.8 40.7 39.2
14.7 17.0
Lbs. loss nr. looms 7.3 10.7 12.6 14.8 18.0
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The figures of Table II show that the several cheeses lost 
weight in four months to the extent of n  to 20 per cent, 
averaging 14.7; and in five months to the extent of 14 to 24 
per cent, averaging 17.8. Part of this loss, however, was due 
to leakage of fat and part to the scrapings that the cheeses 
underwent on two separate dates, six weeks apart, during the 
experiment.
As to the amount of fat lost there is no record. Professor 
Wallace reports that from most of the cheeses the leakage 
was little or nothing, but from three or four it was consider­
able, and in the case of one (No. 15) it was sufficient to sat­
urate the shelf and to cause a puddle of fat on the floor.
Professor Wallace reports the losses from scrapings, as 
ascertained by weighing each cheese immediately before and 
after the scraping, on scales sensitive to %  lb. Thus deter­
mined, the combined weights of the two scrapings from the 
several cheeses range in most cases from %. to %  of a pound, 
but in three cases reach respectively 1 lb., 1 ^  lb., and 4 lbs., 
(cheeses Nos. 10, 13 and 15). Adding these weights to the 
weights of the corresponding cheeses, and obtaining averages 
as before, we have the following results ; which show some­
what smaller average losses in three, four and five months, 
in consequence of correcting for the scrapings.
T a b l e  III.
Showing average weights and percentage losses, after correcting for the
scrapings.
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A V E R A G E  W E IG H T , 15 CH EESES, I.BS . ! P E R  100 LBS .
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Ay. wt. 15 cleeses. 47.8 44.3 43.9 42.2 41.3 40.lt 13.5 16.1
At. Us. loss per 100 lls........ 7.3 10.2 11.7 13.6 16.1
L O S S E S  O F  T H E  S E V E R A L , C O N S T IT U E N T S .
To study the question of absolute gain or loss of the sev­
eral constituents requires something more than mere per­
centage analyses; we must have all quantities expressed in
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pounds or other terms of absolute w eight Such expression 
is readily obtained by calculation from the data already men­
tioned, viz., the weights of cheeses at times of sampling and 
the percentage composition of the samples. Such calcula­
tions for the several constituents have been made and are re­
ported in the following pages:
W A T E R .
CA LC U LA T ED  E R O M  T H E  W E IG H T S  O F  T H E  C H EESES  W IT H O U T  
C O RREC T IO N  F O R  SCRA PIN G S  O R  L E A K A G E  O F  FAT .
T able  IV .
Showing pounds of water in  the cheeses at monthly intervals, and the loss 
of water per 100 lbs. of cheese during four and five months.
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1 .......................... 35.0 21.77 14.6 13.6 13.0 12.4 11.0 9.9 10.3 13.4
2...................... 38.5 26.35 15.3 14.1 13.5 12*7 11.7 10.6 9.4 12.2
3...................... 41.0 30.55 16.4 14.5 13.6 13.1 12.1 11.0 8.0 10.9
5 ...................... 43.5 36.40 14.8 13.8 12.8 12.7 12.3 11.6 5.7 7.4
6...................... 45.0 35.13 16.4 15.5 14.9 14.1 13.2 12.1 7.1 9.6
7......... 48.5 36.75 17.9 16.7 15.8 15.2 14.2 12 9 7.6 10.3
8...................... 51.5 38.58 18.3 16.5 16.0 15.2 14.6 13.8 7.2 8.7
9 ...................... 41.8 40.10 15.0 12.8 11.4 10.5 9.7 8.8 12.7 14.8
10...................... 52.5 46.80 15.9 14.0 13.2 12.2 11.6 11.3 8.2 8.8
11 ...................... 50.0 41.57 17.5 15.9 15.0 14.2 13.6 12.9 7.8 9.2
13...................... 58.0 40.98 20.9 16.7 15.2 14.4 13.1 12.3 13.4 14.8
13...................... 51.0 41.60 17.5 15.7 15.2 14.5 14.2 13.4 6.5 8.0
14...................... 59.0 41.75 21.2 19.7 19.1 17.9 16.6 16.2 7.8 8.5
15...................... 63.0 43.90 23.7 18.9 16.3 15.1 ■ • . . . 13.3 ..... 16.5
16...................... 39.0 32.26 15.3 13.8 13.2 12.2 lt.O 10.1 11.0 13.3
A verage ......... 47.8 36.97 17.3 15.5 14.5 13.8 *18.9 18.0 *9.2 11.1
A v. lbs. water lost per
100 lbs. cheese. . . 3.8 5.6 7.3 *9.2 11.1
* This is the mean, assum ing a  probable figure (14.2 lbs.) lo r  the water in  cheese 
!No. 15, fourth  month, where no ana lysis was made, no sample being taken.
Table IV  shows a loss of water in four months, per 100 
lbs. of cheese, ranging from 5.7 lbs. to about 14 lbs., averag­
in g  9.2; and in five months ranging from 7.4 lbs. to 16.5 lbs., 
averaging 11.1. It also shows, in its footing of averages. 
17.3 lbs. of water, diminishing in one month to 15.5 lbs. and 
thereafter diminishing nearly a pound a month until the
6
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cheese i» five months old, when the amount of water is 12 
lbs. The loss of water is about twice as great during the 
first month as during either of the four following months. 
The losses of water in one, two, three, four and five months, 
•on 100 lbs. of green cheese, are respectively 3.8, 5.6, 7.3, 9.2 
and 11.1 lbs.
Dr. Van Slyke, of the New York Station, has obtained 
quite similar results.* W ith six cheeses in his experiment 
he found the loss of water per 100 pounds of cheese to vary 
from 8.14 to 14.9 lbs., and to average 10.6 lbs.
F A T ,
■Ca l c u l a t e d  f r o m  t h e  w e i g h t s  o f  t h e  c h e e s e s  w i t h ­
o u t  C O R R E C T IO N  F O R  SCRA PIN G S  O R  LE A K A G E  O F  FAT.
Table V  shows losses of fat in four months ranging from 
.7 lb. to 8 lbs. per 100 lbs. of cheese, and averaging 3.6 lbs.; 
in  five months from 1 to 11 lbs,, averaging 4.3 lbs. Stated 
differently, the losses of fat in four and five months average 
respectively 9.5 and 11 per cent of the original fat in the 
green cheeses.
Since there occurred a considerable loss of fat from some 
o f  the cheeses by leakage and scraping, it is almost certain 
th a t the average losses just stated are larger than those com­
monly occurring in practice.
As would be expected, the skim cheeses Nos. 1, 2 and 3 
suffered only small losses of fat— 1. to 1.6 lbs. per 100 lbs. of 
cheese— while most of the richer ones lost much more. One 
exception to this is No. 9, a rich cheese, which lost even less 
fat than one of the skim cheeses did.
♦Van Slyke, New York Agricu ltura l Experiment S tation, Geneva, Bulletin No. 54. 
In  an investigation with six sm all cheeses, weighing from 10 to 14 lbs. each, the loss of 
•w ater in five months per 100 lbs. of cheese ranged from 8 to 15 lbs., averaging 10.6. The 
temperature of the curing room averaged 60 degrees F. after the first month, w ithout 
-e xtreme varia tions; th a t is, it was ten to fifteen degrees lower than  tha t m a intained 
I n  the experiments reported in  th is Bulletin, where the range was usually  between 
seventy and eighty degrees (p. 969). The lower temperature of the New York  experi­
m ents accounts for the slightly smaller loss of water; and had the cheeses been as 
large as those of the present experiment the difference in  loss of water would no doubt 
have been much larger.
The t o t a l  loss in  w e ight suffered by Van Slyke’s cheeses in five months ranged 
from  10.65 to 17.20 per cent, averaging 13.53 ; whereas, under the conditions of the pres- 
«  n t experiments the total loss during the same length of time was materially  greater, 
a  veraging 16.1 per cent, inc lud ing  losses by leakage, but not those from the scraping 
o f  the cheeses (see p. 973).
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T able  V.
Showiny pounds o ffa l in  the cheeses at monthly intervals, also the loss of same per 100 pounds of cheese and per 100 pounds of fa t
during four and five months.
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35.0 21.77 7.6 7.0 7.0 6.9 7.2 7.2 1.1 1.1 5.51 5.00
■) . _ 38.5 26.35 10.1 9.8 9.5 9.9 9.8 9.7 0.7 1.2 2.95 4.63
41.0 30.55 12.5 11.8 11.6 11.6 11.7 11.9 2.0 1.6 6.94 5.19
K 43.5 36.40 15.8 15.2 14.1 13.6 13.4 12.9 5.6 6.8 15.35 18.70
45.0 35.13 15.8 14.8 14.8 14.7 14.8 14.9 2.2 2.0 6.33 5.56
48.5 36.75 17.8 16.4 15 5 15.3 15.5 15.6 4.8 4.6 13.24 12.51
51.5 38.58 19.9 18.0 17.7 17.1 16.8 16.4 6.0 6.7 15.46 17.38
41.7. 40.10 16.7 16.1 16.2 16.4 16.2 16.1 1.3 1.5 3.52 3.82
46.80 24.6 23.2 23.4 23.5 23.0 22.7 3.0 3.5 6.27 7.44
41.57 20.8 19.4 19.0 18.6 18.2 . 17.6 5.2 6.4 12.60 15.30
12 ........................................... 58.0 40.98 23.8 23.3 - 22.4 22.1 21.6 - Lost 3.8 9.72 11.23
51.0 41.60 21.2 18.5 18.0 18.5 17.1 15.6 8.0 11.0 19.70 26.34
59.0 41.75 24.6 23.2 22.6 22.4 22.0 21.4 4.5 5.4 10.92 13.04
ID .......... . . . . . .  .. . . . . . . . . 63.0 43.90 27.7 27.1 27.0 26.0 24.2 5.5 9.23 12.55
30.0 32.26 12.6 11.6 31.3 11.6 12.0 11.8 1.5 2.0 4.69 6.04
Average .................................. 47.8 36.97 18.1 17.0 16.7 16.5 *16.3 f 15.9 *3.6 f4.3 9.56 11.00
At. lbs. fat lost per 100 IDs. of cheese - • . . , . 2.3 2.9 3.3 3.7 4.6 '
♦ This is the mean, assum ing a  probable -figure (25.1 lbs.) for thsrfat in  cheese No. 15, fourth month, where the analysis was lost.
+ This is the mean, assum ing a  probable Bgiife (21.1 lbs.) for the.fat in  cheese No. 12, fifth month, where po analysis was made, no sample being 
taKen, - - "  ^  v  — -- ■ ' - . - ...
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In this investigation the scrapings were not saved for anal­
ysis, nor was the amount of fat lost by leakage ascertained; 
therefore there is no way of determining how much of the fat 
found to have been “  lost ”  was lost by leakage and sweating, 
and how much by being actually destroyed (*. e ., decom­
posed) during the process of ripening. That some loss o f  
this latter kind occurs is now generally believed, but how  
much is an unsettled question. In the work here in hand 
the best that can be done toward studying this question is to 
compare the original fat in the several cheeses with the fat at 
the end of five months plus the weight of the scrapings; any 
deficit thus shown by cheeses that d id  not lose f a t  by leakage  
must represent fat actually destroyed, provided all the data in 
the premises are correct; and it must be a low representation, 
because the scrapings could not have been pure fat. Such 
comparison is made in Table V I ;  and in the last column is 
inserted Professor Wallace’s report designating the cheeses 
which showed leakage or sweating of fat at any time during 
the experiment. He considers that the fat lost by “ sweat­
in g ”  is all included in the scrapings.
T a b l e  VI.
. Fat in the cheese
' fp Fat in the after five months, Excess (+) Cheeses reported toft o ^ green cheese. pins entire scrap­ or h a v e  leaked or
. i
<y I ings. deficit (—) sweat.*
S5 Lbs. Lbs. - Lbs.
FAT +  SCRAPINGS.
1 7.6 7.2-|- .3=  7.5 — .1
2 10.1 1 9.7-j- .8=10.5 +  -4
V 3 12.5 11.9+ .3=12.2 — .3
5 15.8 12.9—j- .8=13.7 —2. 1
6 15.8 14.9+ .3=15.2 — .6
7 17.8 15.6+ .5=16.1 
16.4+ .3=16.7
—1.7
8 19.9 —3.2 Sweat some during
warm weather.
9 16.7 16.1+ .5=16.6 — . 1 Sweat.
10 24.6 22.7+1.0=23.7 — .9 Sweat.
11 20.8 17.6+ .8=18.4 —2.4 Sweat.
13 23.8 121.1+ .5=21.0 —2.2 Sweat and leaked a
trifle.
13 21. 2 15.6+1.8=17.4 —3.8 Sweat and leaked.
14 24.6 21.4+ .8=22.2 —2.4 Sweat and leaked.
15 27.7 24.2+4. 0=28.2 +  -5 Sweat'and leaked.
16 12.6 11.8+ .5=12.3 — .3
* The fa t lost by sweating is assumed to be included in  the scraping. 
+ Approximate figure, assumed.
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O f the cheeses not reported as having lost fat by leakage, 
those showing any considerable deficit are Nos. 5, 7, 8 and n r 
the respective deficits being 2.1 lbs., 1.7 lbs., 3.2 lbs. and 2.4 
lbs. of fat; these deficits being respectively 13.2, 9.5, 16.1 
and 11.5 per cent on the original fat of the cheeses. In these 
cases, therefore, the data at hand furnish indications of a 
very considerable destruction of fat during the ripening 
process. On the other hand, however, as before pointed out, 
one of the rich cheeses, No. 9, and the three skim cheeses,
1, 2 and 3, lost but very little fat, both by destruction and 
mechanical loss combined ; in neither case did the total loss 
exceed 1.6 per cent of the weight ot the cheese. Also in the 
extra rich cheese No. 6, and in the skim cheese No. 16, the 
entire loss of fat reached only 2 per cent of the respective 
cheese weights, as shown in Table V. Therefore, while the 
results obtained on all the cheeses, possibly excepting No. 2, 
indicate some loss of fat by the destructive processes of ripen­
ing, they are entirely inconclusive as to the extent of such 
loss; and, of themselves, would hardly be conclusive proof 
that such loss occurs. Absolute and definite knowledge on 
this subject can be gained only by carefully conducted experi­
ments with that end expressly in view.
Van Slyke, in the researches already mentioned,1 found 
“ practically no loss of fa t” in ripening for five months. 
His cheeses were not on the average as rich as those 
used in the experiment here reported. His richest one con­
tained 38 per cent fat when green, and the entire lot (six in 
number) averaged 32 per cen t; our richest contained 46.8 per 
cent fat, and the fifteen averaged 37 per cent. But a much 
more important difference between the conditions of the two 
investigations is in regard to temperature. Van Slyke states 
that the temperature of the room in which his cheeses were 
kept after the first month averaged 60 degrees F ., without ex­
treme variations ; whereas our cheeses were kept at a much 
higher temperature —  ranging usually, according to Prof. 
Wallace, between 70 and 80 degrees F. This high temper­
ature would promote whatever destructive changes are liable 
to occur in the ripening cheese, by favoring the development
1 New York  (Geneva) Station, B u l le t in  No. 54, p. 268.
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and activities of the micro-organisms which induce these 
changes; it also, of course, favored leakage and sweating.
This question of the change in the amount of fat in a 
ripening cheese is an old one. Some thirty years ago a French 
chemist, Blondeau,1 was, by superficial researches, led to the  
conclusion that during the ripening and ageing of cheese apart 
of the albuminoids (casein and albumin) change into fat. T h is  
conclusion has since been proved entirely erroneous, and cer­
tain researches2 have indicated a very considerable destruction 
of fat. That such change should take place seems entirely prob­
able, in the light of our present knowledge that certain organ­
isms, under favorable conditions, readily destroy milk fat.3
T o t a l  N it r o g e n o u s  M a t t e r : C a s e in , A l b u m in , A m id e s  
a n d  A m m o n iu m  C o m p o u n d s , a l l  r e c k o n e d  a s  C a s e in .
Calculated on the weights of the cheeses without correction 
for scrapings or leakage of fat.
The average loss of nitrogenous matter, as shown by Table  
V II, was in* four months only 1.26 pounds per 100 pounds of 
cheese, and in five months 1.46 pounds. In two and three 
months it was practically the same, and in one month a trifle 
less, viz., 1.1 pounds per 100 of cheese. These figures indi­
cate that the loss of nitrogen suffered by a ripening cheese in 
five months occurs mainly during the first month. The loss 
in one month p e r  100 pounds o f  casein averaged 5.57 pounds 
(not stated in table); in four months 6.14 pounds, and in five 
months 7.2 pounds. A  part of the loss is doubtless due to the 
scrapings.
The results 6btained by Van Slyke for five months were 
very similar to the above. He found an average loss of 1.4& 
pounds of nitrogen compounds per 100 pounds of cheese; or 
6.15 pounds per 100 pounds of casein (i. <?., total nitrogen 
compounds of the green cheeses),* In the present investiga­
tion about 7 per cent of the original casein is seen to have 
been “ lost”  by chemical or mechanical processes, or both, 
during five months’ ripening. But the remaining 93 percent 
did not (all) remain unchanged ; at the end of the five months
JSee F le ischm ann’s Molkereiwesen, pp. 18 and 846.
^Brassier, quoted by Blyth,*on Foods, p. 335; also by F leischmaun, loc cit.
®Alen, Central-Blatt f. Agricultur-chemie, August, 1892.
* Loc cit.
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T a b l e  VII.
Showing pounds of Casein, etc., (Total N. X 6.375) in  the cheeses at monthly intervals; also the loss of same per 100 pounds of
cheese and per 100 pounds of casein during four and five months.
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1 .................................................. 35.0 21.77 10.29 Lost 9.77 9.70 9.84 9.65 1.30 1.83 4.37 6.22
2 .................................................. 38.5 26.35 + 10.34 9.74 9.00 9.03 9.45 9.58 2.31 1.97 8.60 7.35
41.0 30.55 10.35 9.57 9.69 9.72 9.57 9.32 1.90 2.51 7.53 9.95
5...................................................... 43.5 36.40 9.90 9.48 9.57 9.81 9.38 9.54 1.20 .83 5.25 3.63
6..................................................... 4S.0 35.13 +10.09 9.43 9.37 9.40 9.24 9.39 1.89 1.55 8.42 6.93
48.5 36.75 + 10.27 9.54 9.43 9.30 9.34 10.06 1.93 .43 9.05 2.04
8 ................................................... 51.5 38.58 10.23 9.34 9.19 9.26 9.25 9.76 1.90 .93 9.58 4.60
9 ................................................... 41.8 40.10 + 7.66 7.24 7.20 7.24 7.45 6.98 .51 1.64 2.87 8.87
46.80 8.78 8.22 8.88 8.55 8.54 8.49 .36 .41 2.17 2.75
50 0 41.57 8.94 8.44 8.47 8.27 8.38 8.22 1.08 1.40 6.26 8.05
58 0 41.98 9.29 8.95 9.30 8.94 9.25 8.43 .07 1.48 .44 9.26
3 .................................................... 51.0 41.60 9.10 8.56 8.52 8.22 8.63 8.44 .91 1.28 5.16 7.24
59.0 41.75 10.04 9.65 9.23 9.28 9.02 9.01 1.73 1.75 10.15 10.26
5 . . . . 03.0 43.90 8.89 8.17 8.09 7.92 8.08 1.27 10.01 9.11
« .................................................. 39.0 32.26 8.67 8.42 8.67 8.17 8.47 ■7.66 .51 2.59 2.31 11.65
\verage...................................... 47.8 36.97 9.52 $8.99 8.93 8.85 *8.92 8.84 *1.26 1.46 6.14 7.20
lV. lbs casein lost per 100 lbs. of cheese 1.11 1.23 1.40 1.26 1.42
t  In  B ulletin 21, through an error in calculation, by the chemist, ah  erroneous figure was reported In place of th is correct one.
♦This is the mean, assuming a probable figure (8.0 lbs.), for the casein in cheese No. 15, fourth month, where no analysis was made, no sample
of? vaKen. •
♦ This is the mean, assuming a probable figure (10.03 lbs.), for the casein in cheese No. 1, first month, where the analysis was lost.
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(more exactly, 22 to 27 weeks) an average of about 37 per 
cent of the original casein, or products derived from it by 
ripening, were found to be soluble in water —  a part in the 
form of amides and a small amount as ammonium compounds.
Van Slyke* found an average of 35.5 per cent soluble at 
the end of five months.
ASH .
CALCULATED ON THE WEIGHTS OF THE CHEESES WITHOUT 
CORRECTION FOR SCRAPINGS OR LEAKAGE OF FAT.
981
T a b l e  V l l i .
Showing pounds of ash in  the cheeses at monthly intervals, and the loss of 
ash per 100 lbs. of cheese during four and five months.
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1 35.0 1.61 1.37 1.52 1.50 1.47 1.39 .40 .63
3 38.5 1.64 1.67 1.60 1.69 1.60 1.48 .10 .22
3 41.0 1.89 1.56 1.77 1.76 1.76 1.75 .32 .34
5 43.5 1.82 1.80 1.87 1.84 1.86 1.80 +  .09 .05
6 45.0 1.60 1.69 1.73 1.73 1.69 1.60 -(-.20 .00
7 48.5 1.99 1.83 1.81 1.77 1.82. 1.73 .35 .53
8 51.5 1.93 1.79 1.73 1.75 1.78 1.76 .29 .33
9 41.8 1.47 1.38 1.35 1.38 1.37 1.30 .24 .40
10 52.5 2.06 1.97 2.00 2.00 2.00 2.02 .11 .08
11 50.0 1.84 1.71 1.80 1.75 1.84 1.77 .00 .14
12 58.0 2.46 2.22 2.19 2.15 2.02 1.93 .76 .91
IS 51.0 1.69 1.49 1.64 1.57 1.58 1.57 .22 .24
14 59.0 1.85 2.00 1.91 1.92 1.92 1.81 +  .12 .07
15 63.0 1.6L 1.40 1.27 1.21 1.24 .59
16 39.0 1.49 1.33 1.40 1.37 1.36 1.37 .33 .31
AT 47.8 1.80 1.68 1.77 1.70 11.69 1.63 +.23 .32
Average pounds
ash lost per 100
lbs. cheese........ .25 .06 .21 .23 .35
The small losses here shown would doubtless be fully 
accounted for by the ash of the scrapings had the latter been 
saved for analysis. The water coming to the surface would, 
of course, bring with it a small amount of salt in solution. 
The average loss of ash, or mineral matter, was only .32 
of a pound per 100 lbs. of cheese.
♦ Loc cit.
t  This is the mean, assum ing a probable figure (1.23 lbs.) for the ash in cheese No.
15, fourth month, where no analysis was made no sample being taken.
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A C ID IT Y . X
CALCULATED ON THE W EIGHTS OF THE CHEESES W ITHOUT 
CORRECTION FOR SCRAPINGS OR LEAKAGE OF FAT.
T a b l e  IX.
Showing Acidity, calculated as Lactic A dd , in  the cheeses at 
monthly intervals.
The irregularities in  the figures of this Table are probably due in  part to the difficulty of 
making exact determinations of acid in  a cheese.
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1 ................................ 3 5 .0 .7 5 .8 2 .8 2 .63 .8 2 .6 8
2 ................................ 3 8 .5 .77 .9 6 .79 .71 . 6 8 .3 5
3 .......................................................... 4 1 .0 .34 .7 8 .64 .7 7 .83 .50
5........................................... 4 3 .5 ! .61 .83 .84 .7 9 .81 .91
6 .......................................................... 4 5 .0 .7 0 .94 .87 .83 .83 .6 5
7 ................................ 4 8 .5 ! .45 1 .0 3 .90 .86 .84 .48
5 1 .5 , 1 . 3 7 1 .03 .98 1 .0 4 . 8 6 .81
9 .......................................................... 4 1 .8 .56 .75 .67 .71 .64 .6 4
10........................................... 5 2 .5 .48 .60 .80 .64 .94 . 8 6
.62 .87 .95 .85 .4 5 .6 2
12........................................... 5 8 .0 .59 .72 . 8 6 .87 .90 .76
13........................................... 5 1 .0 .82 .89 .89 .9 0 .81 .84
5 9 .0 .60 1 .0 6 .97 .95 1 .0 2 .70
]5  ............................................. 63*0 .78 1 .2 5 1 .2 8 1 .0 9 1.00
16 . ........................................ 39 0 .56 .73 .6 9 . 6 6 .6 5
Average........................... 47.8 .67 .88 .93 *.82 +.81 .69
Average pounds acid, calculated
as Lactic, per 100 lbs. cheese.. 1.40 1.84 1.95 1.71 1.69 1.44
JThe acidity was determined by thoroughly rubb ing  up  w ith water (free from car­
bonic acid) three grammes of the cheese, and, w ithout filtration , titra ting  w ith deci- 
norm al soda solution. F iltra tion  was found too tedious. The results are consider­
ably higher than  have been obtained where filtration has been practiced before t itr a ­
tion. See Van Slyke, New York  Station, Bulle tin  No. 37, p. 711. The method here 
employed is much more convenient. The two methods should be critically  compared.
♦ This is the mean, assum ing a  probable figure (.68 lb.) for the acid in  cheese N o .
16, th ird  month, where no analysis is shown.
fThis is the mean, assum ing a  probable figure (l.(K> lbs.) for the acid in  cheese No. 
15, fourth month, where no ana lysis is shown.
The acidity appears to increase slightly during one or 
two months, and thereafter to gradually diminish. Calcu­
lated as lactic acid, it averaged 1.40 per cent of the weight of 
the green cheeses, increasing to 1.95 per cent during the first 
two months, and thereafter diminishing to 1.44 per cent at 
the end of the fifth month. These figures are no donbt 
above the truth for free lactic acid, but they represent total
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acidity, as measured by neutralizing power upon an alkali. 
Acid phospates are doubtless present*, and perhaps organic 
acids other than lactic.
Van Slyke has studied the changes in acidity of ripening 
cheeses to the age (only) of 35 days, and reports ‘ ‘a general 
tendency, strongly marked, to decreased acidity as the cheese 
becomes older. ” f
This decrease in the acidity of cheese with age has been 
long recognized.^
SU M M A R Y.
I. The loss in Weight during ripening for five months, 
including mechanical losses caused by leakage and scraping 
of the cheeses, ranged from 14 to 24 per cent, averaging 17.8; 
without including the scrapings the average was 16.1 per cent. 
The corresponding averages for fo u r  months were 14.7 and 
J3-5 Per cent— respectively including and excluding the losses 
by scraping.
II. The loss of Water in ripening for five months ranged, 
per 100 lbs. of cheese, from 7.4 to 16.5 lbs., averaging 11.1. 
For fo u r  months the average was 9 . 2  lbs.
III. The entire loss (both mechanical and chemical) of 
Fat in five months ranged, per 100 lbs. of cheese, from 1 to 11 
lbs., averaging 4.3 lbs. For fo u r  months the average was 
3.6 lbs. Doubtless a considerable part of this loss was me­
chanical— from leakage and scrapings— but how much cannot 
be stated.
The results strongly indicate a destruction of fat during 
ripening— in agreement with certain published observations 
(cited above) and with the .general belief among chemists*, 
but, standing alone, they would hardly constitute proof of. 
the fact.
IV. The total loss of Nitrogenous Matters— a ll calcula­
ted  as Casein— in five months ranged, per 100 lbs. of cheese, 
from .41 lb. to 2.59 lbs., averaging 1.46. For four months 
the average was 1.26 lb. These losses are respectively 7.20 
and 6.14 per cent of the casein of the green cheeses. What
♦Fleischmann, Molkereiwesen, p. 848.
+ New York A gricu ltura l Experiment Station, Bulletin 37. p. 711.
X Blyth, Foods, p. 334.
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part of these losses, if  any, is chemical and what part 
mechanical, from leakage and scrapings, cannot be stated.
A  considerable part of the casein that was not “ lost,”  in 
the absolute sense in which the word “ loss”  is used in the 
preceding paragraph, was changed during ripening into solu­
ble forms of albuminoid matter, and still other parts into 
amides and ammonium compounds. In all, an average of 
about 37 per cent of the original casein, or products resulting 
from it by ripening, were found to be soluble in water at the 
end of the five months.
V. There was a slight mechanical loss of Mineral Matter 
(ash material) through leakage and scraping of the cheeses ; 
it amounted in five months to about . 3 of a pound per 100 
lbs. of cheese.
VI. The Acidity appeared to increase slightly during the 
first month (or two), and thereafter to gradually diminish ; 
this diminution is supposed to be due, not to destruction but 
to neutralization  of acids and acid salts, by ammonia result­
in g from the decomposition of casein.
G. E. Pa t r ic k .
16
Bulletin, Vol. 2 [1888], No. 24, Art. 3
http://lib.dr.iastate.edu/bulletin/vol2/iss24/3
